
J COLOR PICTURE TUBE APPARAfPtJS 



FIELD OF THE INVENTION 

The present invention relates to a color picture tube apparatus, and 
5 more particularly to a means for correcting an inner pincushion distortion on 
the upper and lower sides of a screen. 

BACKGROUND OF THE INVENTION 

A raster distortion is one of the important factors in determining the 
10 image quality of a color picture tube. Conventionally, pincushion distortions 
on the upper and lower sides and the right and left sides of the outer 
; /1 periphery have been corrected by a magnetic field of the deflection yoke and a 

j-fl correction circuit of the color picture tube apparatus. Even if these 

H 5 distortions in the upper and lower sides or the right and left sides of the outer 

rjg 15 periphery are corrected optimally, a pincushion distortion may remain in the 
^ longitudinal line or the lateral line in the middle portion of a screen. Such 

\n distortions are referred to as "right and left inner pincushion distortion" 

(shown in Fig. 8) and "upper and lower inner pincushion distortion" (shown in 
Fig. 9), respectively ("left and right inner pincushion distortion" also may be 
a 20 referred to as "longitudinal line pincushion distortion" or "right and left inner 
luminescent line distortion," and "upper and lower inner pincushion 
distortion" also may be referred to as "lateral line inner pincushion distortion" 
or "upper and lower inner luminescent line distortion"). 

In general, the displacement magnitude X(t) of a luminescent spot on a 
25 flat screen is proportional to tan 6 where 9 is a deflection angle. Therefore, 
the amount of the horizontal deflection is increased closer to the peripheral 
portion in the horizontal direction of a phosphor screen. That is, a non-linear 
distortion called "S-shaped distortion" occurs. This S-shaped distortion is 
corrected by adding an S-shaped distortion correction circuit. The amount of 
30 correction necessary for correcting the S-shaped distortion is inversely 

proportional to the distance from the deflection center to each spot on the 
phosphor screen. As shown in Fig.7, the upper and lower parts of the raster 
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of the color picture tube, i.e., a peripheral portion 72 in the vertical direction 
of the phosphor screen (hereinafter "peripheral portion" will be referred to) is 
more distant from the deflection center as compared with the other portions, 
that is, a middle portion 71 in the vertical direction of the phosphor screen 
5 (hereinafter, "middle portion" will be referred to). Accordingly, the amount of 
the correction necessary for correcting the S-shaped distortion for the 
peripheral portion may be smaller than that for the middle portion. 

In the conventional color picture tube apparatus, although the S- 
shaped distortion correction circuit can optimize the S-shaped distortion 
10 correction in the middle portion in the vertical direction of the phosphor 

screen, the difference in the necessary correction amount between the middle 
portion and the peripheral portion in the vertical direction of the phosphor 
screen has not been considered. Therefore, the S-shaped distortion is over- 
corrected in the peripheral portion, thus causing the right and left inner 
15 pincushion distortion. In particular, a trend toward flattening the front 
^ panel of the color picture tube and larger deflection angle have made the right 

i H and left inner pincushion distortion significant. 

I ^ In order to solve such problems, for example, JP 9-149283A discloses a 

£3 configuration in which a horizontal deflection current is allowed to flow 

20 through a saturation reactor and is modulated by a vertical deflection current, 
thus reducing the total inductance of the horizontal deflection portion when 
an electron beam is deflected toward the upper and lower portion of the raster, 
thereby excluding the right and left inner pincushion distortion. 

With further flattening of the front panel and larger deflection angle 
25 in recent color picture tubes, the difference in the amount of the S-shaped 
distortion correction between the left or right peripheral portion and the 
middle portion in the horizontal direction of the raster increases, as well as 
the difference in the vertical direction of the raster. Consequently, in 
addition to the right and left inner pincushion distortion, the upper and lower 
30 inner pincushion distortion has been a significant problem. 

The above-mentioned conventional inner pincushion distortion 
correction circuit disclosed in JP 9-149283A is an effective means for 
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correcting the right and left inner pincushion distortion, but the means could 
not correct the upper and lower inner pincushion distortion. Therefore, the 
conventional means for correcting the distortion only can balance the 
distortion amount between the upper portion and the lower portion by an 
upper and lower tilting operation, that is, by tilting the central axis of the 
deflection yoke in the vertical direction. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a system capable of 
correcting the upper and lower inner pincushion distortion while correcting 
the upper and lower pincushion distortion in the color picture tube apparatus 
using the conventional S-shaped distortion correction circuit. 

In order to achieve the above-mentioned object, the color picture tube 
apparatus according to the present invention includes a color picture tube 
provided with an electron gun and a phosphor screen on which an electron 
beam emitted from the electron gun impacts, in a bulb including a front panel 
and a funnel, and a deflection yoke attached to a neck portion of the bulb and 
deflecting the electron beam, wherein an upper and lower pincushion 
distortion in the peripheral portion in the vertical direction is increased by 
making the preliminary vertical deflection force when an electron beam is 
deflected toward the peripheral portion in the vertical direction of the 
phosphor screen relatively smaller than the preliminary vertical deflection 
force when an electron beam is deflected toward the middle portion in the 
vertical direction of the phosphor screen, and the upper and lower pincushion 
distortion in the peripheral portion in the vertical direction is corrected by a 
deflection magnetic field generated by the deflection yoke, thereby correcting 
an upper and lower inner pincushion distortion in the middle portion in the 
vertical direction. 

According to such a configuration of the present invention, the upper 
and lower pincushion distortion in the peripheral portion in the vertical 
direction of the phosphor screen is increased intentionally thus to reduce the 
difference between the upper and lower pincushion distortion of the 



peripheral portion and the upper and lower inner pincushion distortion in the 
middle portion. Thereby, it is possible to correct the upper and lower 
pincushion distortion in the peripheral portion and the upper and lower inner 
pincushion distortion in the middle portion by a deflection magnetic field. 
5 It is preferable in the above-mentioned configuration that the color 

picture tube apparatus further includes a correction coil mounted at the 
electron gun side of the deflection yoke, for providing the electron beam with 
the preliminary deflection force, wherein a vertical deflection current flows 
through the correction coil when the electron beam is deflected toward the 

10 peripheral portion in the vertical direction of the phosphor screen, but a 

vertical deflection current does not flow through the correction coil when the 
electron beam is deflected toward the middle portion in the vertical direction, 
and the correction coil generates a preliminary deflection magnetic field 
opposing to the vertical deflection magnetic field by the current flowing when 

15 the electron beam is deflected toward the peripheral portion in the vertical 
direction. 

According to such a configuration of the present invention, the 
preliminary deflection force can be increased or decreased in synchronization 
with the vertical deflection. Furthermore, by appropriately adjusting the 
20 timing for allowing the vertical deflection current to flow through the 

correction coil, it is possible to increase or decrease the preliminary deflection 
force between the peripheral portion and the middle portion in the vertical 
direction. 

More specifically, it is preferable that at least a pair of the correction 
25 coils provided at right and left sides of the neck portion so that the correction 
coils sandwich the electron beam in the horizontal direction, a circuit in which 
at least two diodes are connected in parallel having opposite polarities with 
each other, and vertical deflection coils of the deflection yoke are connected in 
series, and the vertical deflection current flows through the correction coil via 
30 the conduction of the diodes when the electron beam is deflected toward the 
peripheral portion in the vertical direction of the phosphor screen. 

According to such a configuration of the present invention, it is 



4 



possible to control the preliminary deflection force only by adding a connector 
including at least two diodes to the correction coil, thus achieving a small size 
upper and lower inner pincushion distortion correction circuit at low cost. 

Furthermore, according to the present invention, a color picture tube 
5 apparatus includes a color picture tube provided with an electron gun and a 
phosphor screen on which electron beam emitted from the electron gun 
impacts, in a bulb including a front panel and a funnel, a deflection yoke 
attached to a neck portion of the bulb and deflecting the electron beam, and a 
correction coil provided at the electron gun side in the deflection yoke and 
10 providing the electron beam with a preliminary deflection force, wherein at 
^ least a pair of the correction coils provided at right and left sides of the neck 

!fi portion so that the correction coils sandwich the electron beam in the 

]z horizontal direction, a circuit in which at least two diodes are connected in 

M» parallel having opposite polarities with each other, and vertical deflection 

•■St 15 coils of the deflection yoke are connected in series, and the vertical deflection 
_ current flows through the correction coil via a conduction of the diode when 

ifl the electron beam is deflected toward the peripheral portion in the vertical 

| -J direction of the phosphor screen, but vertical deflection current does not flow 

q through the correction coil when the electron beam is deflected toward the 

'■3 20 middle portion in the vertical direction, and the correction coil generates the 
preliminary deflection magnetic field opposing to the vertical deflection 
magnetic field by the current that flows when the electron beam is deflected 
toward the peripheral portion in the vertical direction. 

According to such a configuration of the present invention, the 
25 preliminary deflection force can be increased or decreased in synchronization 
with the vertical deflection. Furthermore, it is possible to control the 
preliminary deflection force only by adding a connector including at least two 
diodes to the correction coil, thus realizing a small size upper and lower inner 
pincushion distortion correction circuit at low cost. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing an inner pincushion distortion correction 



5 



circuit that is one of the main parts of a color picture tube apparatus 
according to an embodiment of the present invention. 

Fig. 2 is a side view showing a deflection yoke used for a color picture 
tube apparatus according to the embodiment of the present invention. 
5 Fig. 3 is a view of the deflection yoke of Fig. 2 seen from the side of a 

phosphor screen. 

Fig. 4 is a view of the deflection yoke of Fig. 2 seen from the side of an 
electron gun. 

Fig. 5 is a view showing the direction of the preliminary deflection 
10 magnetic filed generated by the inner pincushion distortion correction coil of 
l 3 the present invention. 

m Fig. 6 shows a current flowing through the circuit of Fig. 1, where (a) 

jf shows a waveform of a vertical deflection current, (b) shows a waveform of a 

current flowing through a fixed resistor, and (c) shows a waveform of a current 
)^ 15 flowing through an inner pincushion distortion correction coil. 

Fig. 7 is a view to explain a peripheral portion and a middle portion in 
J?{ the vertical direction of the phosphor screen. 

\U Fig. 8 is a view to explain a right and left inner pincushion distortion. 

IS Fig. 9 is a view to explain an upper and lower inner pincushion 

□ 20 distortion. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, the present invention will be described by way of 

embodiments with reference to drawings. In the color picture tube 
25 apparatus of the present invention, since the structures other than a 

deflection yoke are well known, drawings and explanations for them are not 

described herein. 

Fig. 2 is a side view showing a deflection yoke. Fig. 3 is a view 

showing the deflection yoke seen from the side of a phosphor screen, and Fig. 
30 4 is a view showing the deflection yoke seen from the side of an electron gun 

according to the present invention, respectively. As shown in Figs. 2 to 4, the 

deflection yoke includes a horizontal deflection coil 1, a vertical deflection coil 
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2, an insulation frame 3 for insulating and fixing the horizontal and vertical 
deflection coils 1 and 2, a ferrite core 4 provided at the outside of the vertical 
deflection coil 2, and a correction coil 6 provided at the end portion at the 
electron gun side. 

5 As shown in Fig. 4, the correction coil 6 is constructed by winding 

conductive wires around an E-shaped core 5. The correction coil 6 includes a 
coma correction coil 7 for correcting the coma-aberration in the vertical 
direction of the phosphor screen and an inner pincushion distortion correction 
coil 8. The correction coil 6 is fixed to the end portion at the electron gun side 
10 of the insulation frame 3 so that central leg portions 9 of the E-shaped cores 5 
^3 are positioned in the vicinity of a neck portion 21 of the color picture tube, 

ifl The inner pincushion correction distortion coil 8 is wound around the 

^ central leg portion 9 of the E-shaped core 5 and generates a magnetic field in 

l=£ the direction opposite to the vertical defection magnetic field. Fig. 5 shows a 

J jf 15 direction of the magnetic field 51 (shown by solid lines) generated by the inner 
* ; pincushion distortion correction coil 8 when the electron beam is deflected 

,'•■1=3. 

upward in the phosphor screen. When the electron beam is deflected upward, 
fU a magnetic field is generated by the inner pincushion distortion correction coil 

J~ 8 in a direction opposite to the vertical deflection magnetic field 52 (shown by 

□ 20 broken lines), i.e. in a direction in which an electron beam is deflected 

downward. This correction magnetic field works to weaken the preliminary 

deflection force in the vertical direction of the electron beam at the electron 

gun side. 

Next, a circuit in which the inner pincushion distortion correction coil 
25 8 is connected will be explained. As shown in Fig. 1, a pair of diodes 10 are 
connected in parallel having reverse polarities with each other to form a diode 
parallel circuit 13. The diode parallel circuit 13 and the inner pincushion 
distortion correction coil 8 are connected in series to form a diode — coil series 
circuit 14. The diode — coil series circuit 14 and a fixed resistor 11 are 
30 connected in parallel to form an inner pincushion distortion correction circuit 
12. The inner pincushion distortion correction circuit 12 and a vertical 
deflection coil 2 are connected in series. Furthermore, a coma correction coil 
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7 and the vertical deflection coil 2 are connected in series. 

Hereinafter, the operation of the inner pincushion distortion correction 
coil 12 will be explained. 

In the inner pincushion distortion correction circuit 12, a vertical 
deflection current having a sowtooth waveform flows as shown in Fig. 6(a). 
The vertical deflection current has to be considered by dividing the screen into 
two portions, such as a large current flowing portion, i.e., the peripheral 
portion 72 and the other middle portion 71 as shown in Fig. 7. 

In the middle portion 71, since the voltage applied to the both ends of 
the diode 10 of the diode parallel circuit 13 is not more than the switching 
voltage, current scarcely flows through the diode 10. Accordingly, a current 
does not flow through the inner pincushion distortion correction coil 8. 
Consequently, the coil does not operate. Most of the current flowing through 
the inner pincushion distortion correction circuit 12 flows through the fixed 
resistor 11 at this time. Fig.6 (b) shows a waveform of the current flowing 
through the fixed resistor 11. 

On the other hand, in the peripheral portion 72, since the voltage 
applied to the both ends of the diode 10 in the diode parallel circuit 13 is more 
than the switching voltage, a current flows through the diode 10 and also 
through the inner pincushion distortion correction coil 8. Consequently, the 
coil operates. Fig.6(c) shows a waveform of the current flowing through the 
inner pincushion distortion correction coil 8. 

As shown in Fig. 5, when the inner pincushion distortion coil 8 
operates, the preliminary deflection force in the vertical direction of the 
electron beam at the electron gun side is weakened. It is conventionally 
known that when the preliminary deflection force is weakened, the upper and 
lower pincushion distortion on the phosphor screen is increased. In the 
conventional deflection yoke, contrary to the present invention, it was 
common that the upper and lower pincushion distortion is reduced by 
strengthening the preliminary deflection force in the vertical direction of the 
electron beam at the electron gun side. 

In the present invention, the inner pincushion distortion correction 
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coil 8 does not operate when the electron beam is deflected toward the middle 
portion, but operates when the electron beam is deflected toward the 
peripheral portion. As a result, the upper and lower pincushion distortion is 
increased in the peripheral portion. This is equivalent to the condition that 
5 the upper and lower pincushion distortion in the middle portion is reduced 
relative to the peripheral portion. In this operation, when the upper and 
lower pincushion distortion is optimized by adjusting a magnetic field 
generated by the horizontal deflection coil and vertical deflection coil, the 
upper and lower pincushion distortion in the middle portion is also reduced 
10 accordingly. In general, the magnetic fields are adjusted in the manner that 
4f the pincushion magnetic field at the phosphor screen side of the horizontal 

; fl deflection coil and vertical deflection coil is strengthened. In order to 

,4 strengthen the pincushion magnetic field, the coil winding of the horizontal 

y ^ 

M deflection coil is concentrated on the direction of the horizontal axis and the 
15 coil winding of the vertical deflection coil is concentrated on the direction of 

J the vertical axis, respectively. 

i h Next, an experiment in which the effect of the color picture tube 

\H apparatus for a 46[cm] (19 inches) display of the present invention was 

Lil 

q confirmed will be described. The E-shaped core used herein was a 3 mm- 

^ 20 thick ferrite core. A conductive wire was wound 80 times around a 7 mm- 
wide central leg portion 9 to form the inner pincushion distortion correction 
coil 8. For the diode 10, a silicon diode was used. For the fixed resistor 11, a 
resistor of 2.7 Q was used. 

When the inner pincushion distortion correction coil 8 is directly 
25 connected to the vertical deflection coil 2 without using the diode 10, the 
upper and lower pincushion distortion was 0.2% and the lateral line inner 
pincushion distortion was 0.9%. The lateral line inner pincushion distortion 
was quite large. On the contrary, when the inner pincushion distortion 
correction coil 8 was operated in the inner pincushion distortion correction 
30 circuit 12 of the present invention, the upper and lower pincushion distortion 
was 0.3% and the lateral line inner pincushion distortion was 0.4%. 
Therefore, it was possible to improve the lateral line inner pincushion 
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distortion while maintaining the upper and lower pincushion distortion at the 
same level as the above-mentioned comparative example. 

In the embodiment mentioned above, the E-shaped core was used for 
the correction coil. However, an I-shaped core or a U-shaped core may be 
used. Besides the inner pincushion distortion correction, when the upper 
and lower pincushion distortion tends to be large, it is preferable that the U- 
shaped coil is used for the coma aberration correction coil 7. Because the 
case where the U-shaped core instead of the E-shaped core is used for the 
coma aberration correction coil, the preliminary deflection force tends to be 
increased in general. In this case, for the inner pincushion distortion 
correction coil 8, the I-shaped coil may be used. 

As mentioned above, according to the present invention, it is possible 
to provide a high performance color picture tube capable of correcting the 
lateral inner pincushion distortion while optimizing the upper and lower 
pincushion distortion. 

The invention may be embodied in other specific forms without 
departing from the spirit or essential characteristics thereof. The 
embodiments disclosed in this application are to be considered in all respects 
as illustrative and not restrictive, the scope of the invention being indicated 
by the appended claims rather than by the foregoing description, all changes 
that come within the meaning and range of equivalency of the claims are 
intended to be embraced therein. 
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